In FIPA-style multi-agent systems, agents coordinate their activities by sending messages representing particular communicative acts (or performatives). Agent communication languages must strike a balance between simplicity and expressiveness by defining a limited set of communicative act types that fit the communication needs of a wide set of problems. More complex requirements for particular problems must then be handled by defining domain-specific predicates and actions within ontologies. This paper examines the communication needs of a multi-agent distributed information retrieval system and discusses how well these are met by the FIPA ACL.
INTRODUCTION
Software agents have long been recognised as a promising technology for constructing complex systems as open and distributed communities of loosely-coupled modules [4, 6] . A key development in the field of multi-agent systems has been the specification of agent communication languages (ACLs) such as KQML [2] and FIPA's ACL [3] . These languages are intended to provide standard declarative mechanisms for agents to communicate knowledge and make requests of each other.
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In the case of the Foundation for Intelligent Physical Agents [3] , there is a Communicative Act Library containing a list of standard communicative acts 1 and, for each act, the names and descriptions in English of the allowable message parameters and their meanings, together with specifications in a Belief-Desire-Intention logic of the act's 'feasibility preconditions' and 'rational effect'.
ACL specifications and papers on issues in agent communication tend to present only simple examples of conversations, or do not provide any details on the design decisions involved in expressing a communication scenario using an ACL. In this paper we give an overview of an analysis of the relatively complex communication needs of an implemented multi-agent system for distributed information retrieval using the FIPA ACL, and assess how well the FIPA ACL and communicative act library met our needs. More details are given in the full version of the paper [5] .
THE NZDIS SYSTEM
The task of integrating disparate data sources is difficult primarily because of the heterogeneity of the available information: data are stored according to widely differing storage formats, media types, and organised according to differing semantics. The challenge is to provide suitable means to integrate such disparate information in a dynamic, open, and distributed environment. The New Zealand Distributed Information Systems (NZDIS) [7] research platform is a FIPA-compliant multi-agent framework intended to address this problem. Multi-agent systems for the integration of distributed information have been developed previously [1] ; a distinguishing feature of our approach is the use of industry standards or emerging standards such as the FIPA specifications, UML (for ontology modelling) and CORBA (for agent message transport and other data transfer).
In NZDIS, information sources are encapsulated as data source agents that accept messages in an agent communication language (FIPA ACL). When a query is entered into the system through a user agent, a number of query processing agents are responsible for discovering from a resource broker agent the data source agents that are relevant to the query, decomposing the query into sub-queries suitable for those agents, executing the subqueries and translating and combining the subquery results into the desired result set. A key component of the query module is the planner agent, which takes a query and breaks it into sub-queries. An executor agent then recruits data source agents and creates new query node agents that each perform one or more of the operations in the plan. Query results are not returned within an ACL message, but are instead represented by a CORBA object reference which may be used to obtain the result set.
QUERY PROCESSING USING FIPA ACL
Examining the FIPA communicative acts (CAs) and interaction protocols we have found that the request-when CA provided a useful mechanism for the executor agent to set up a pre-planned pattern of coordination between result node agents. However, the recruiting and brokering protocols did not completely capture the requirements of the interactions of our system. The FIPA-recruiting protocol captures some aspects of the interactions: like the FIPAbrokering protocol it allows for the initiator to make a request to an agent that will not directly fulfil the request, but will know how to locate agents that can. The fipa-recruiting protocol differs in that the agent fulfilling the request will reply directly to the initiator or to some other agent designated by the initiator, instead of passing the reply back through the brokering agent. The brokering and recruiting protocols make use of the ÔÖÓÜÝ communicative act, and this is where the misfit to our requirements lies. The proxy communicative act specification states that the proxy message should include an embedded message, which is the message that the broker will send to target agents. In the NZDIS system, no single agent is able to supply an answer to the query, it is thus no good to embed the query inside a proxy message and have the broker forward this message unchanged to other agents. The planner and executor need to translate this request and break it into sub-parts and then recruit many agents to solve individual parts of the query.
In plain English, the message from the user agent to the planner (message 1 in Figure 1 ) can be expressed as follows: "I would like you to ensure that I am informed about a reference to the object containing the result set for this given query. You may make it happen yourself or, if you need, you can employ all necessary agents to make it happen, and I do not care who will inform me at the end. I just want it to be done". Unfortunately the FIPA proxy CA is not suitable here because in this case the receiver of the proxy message should not forward the embedded message, instead it must process the embedded message and forward a new message (or set of messages). Therefore, the interaction protocol used for query processing in NZDIS could not make use of the proxy CA. Instead we defined a communicative action employ in our domain ontology with its intended semantics corresponding to the English description given above. The mesage from the user agent to the planner is then encoded as a request containing an employ action.
CONCLUSIONS
In this paper we have discussed the communication needs of a multi-agent distributed information retrieval system. Coordinating complex tasks or enterprises in open distributed systems is a very complicated endeavour. FIPA-style communication is constrained by the limited number of predefined performatives, and in some cases must refer to domain-specific communicative acts defined in a custom ontology.
Most of the needs of an information integration system are met by the communicative acts provided by the FIPA communicative act library. There are some issues only with anonymous sub-contracting of 3rd parties.
Our solution utilises the notion of anonymous subcontracting by means of a custom ÑÔÐÓÝ action defined in the management ontology defined for the needs of the NZDIS system. We believe that this communicative act is of sufficiently general use that it would be advantageous for it to be added to FIPA's communicative act library.
